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1 

i mm i ] y —nm* $><ou-v t*- a * tr-A 

ees*> i /2WXkbi-& z t ztmt ?& 1/— ftf- 
^ib-mmem. io 
[ n&g 2 ] i/ — f3Eaiw» u~r t*- a £ tr- a 

AftW^gi:, ##Jt*-A£B^jB±T , afc£tfTBBSt 
t£fifc£«S»m$fc, 8i«!B±<Ot*-A5ME*%- 
(cr*«j-ft#Ri:*»6, fb'-ASjMiSfcfc 

±E?)^~fL##*<. IJGetfMH L*: tf- AOS wcw 
W«MMHt-A<o-Jr*flirtrfc« Lxms— f t* 

®# R**t»£ t *1ftt t "t * f t*-A%HSW3K 20 

m 

[W«a4] ±ieou-ift*-A#iij#» u— •>* 

h*-AS:-<X7cWK^»J^*^«lfflOi/ U y H 'J #;l^y 

y X7 u -f t» s mm i xtt 2 tcie«o*ie» . 

[fS*3B 5 ] W-1f3fcaiSirt>4><OP--!f t*-A£ t'-A 
fflfffiCfc V vC2£BIWfc:#*l t'- A t^aWS y~f t'- 
AtfgiJ^Rfc, #Wt'-A£!^iij±rWa£tfTH8Sf 30 
-t*fiia^tt««t^af:. 8M±Ot'-A$fc££%- 

l^-ifh'-ABrffi(cfe(t*M*l*I^SS<]^^ 
e**>l/2f8l2Lhi:U fioJJB«>%— fc¥H#. ± 

t £ U— f t'- A^HSSt 40 

n<r)\/j~2 wxkx-ib h mm 1 4 ^ l 5 v >fti*« 

[ §9*117] ±EOtr-A4MW«*«. sg|BWaTT»(B 
HIJiLtT'S) * M*JI 1 5 (. vtffcfrfcBttOJK* 

tt&it h Rtttmziii-&-<X7&jfocommx'$> & 19* 

m 5 % v > I, 7 v vJ^fciEBOftSgR. 
[19#Jf9] «ia^«H»f#S*^ U-ifh-A^Sj 50 
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2 

±ieo^was^s*\ s^y yxizx o «j£ ucn 

ttLfcBWSiMWt*-A<0^f*i*»*jfcl6t4 J: 3 (CIS 
$ fifcSKfi-C* l.f9*JH8 izlBBWft&* . 
[l9*Jf 1 0 ] JJto#imo*Wiii<OHI*Kit l& 

[fi^is 1 2 ] mm*. 4>n^^3K**^^o . a 

BW*^A«Iif^i«S^+'t*i:fiSLr. RW® 
<0BltRStt*v^T3ijai-64HWt-A*4tS-W:^ 

[W^JS 1 3 ] JJfiou— f t-A^M»f gW, U- 
■f t-A S-jJOEWfc^MFrt-ft^Mfflo^ 'J > H U 

liifcJf 1 3 {cBtto*^t». 

[ mm. 1 5 ] aia^-ttiitf^a* 5 , mmmcois 

WW*K»JBs^y y f 'J rtA-y yxrw-f **ttw* 
jsi 3Xtti4tiEao3ie¥5R. 

[n$« 1 6 ] ±ieo#mi®*ga>\ isiE^fflo 
y y y F vivvv y xr y ^f^* burnt iz#m Lx 
mwzixx ^mm 1 5 icEttoje^. 

[fS^il 1 7 ] iieoie^ffly y y f u yxr 

Mt±, 3t*«IB#SS:3iJftt44HWb;-Ate5t 

l.^S!:/J^y u y f u ^;uyyxt , 7t^a®#a$rjiii 
L*w4MWh-A*(EJrf etit/h^u y F t) */i^yyX 

t* 5 , m%zitk)immzftt&mmi3%^Li6v 

%#yzfrb&&mT%9Xtei4izaemff)%&%. 
mmi 93 y— H*y— rx{i¥##y 
— !Tos*aiKtt»siarc**iWiJs 1 ^> l 1 7 

[w*iR2 0 ] mmtK isitw^at^iif 

ftMr-- y y^ffl3t^T*>*if*ia 1 1 8v^ 

[000 1] 
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[00 02] 

x. msfki-JmmcDW&izmLx. mmm 

«c, Mim'yzmzVUzcvDtct'coimBtiLmz 
£ Y )ftm<n*r4%mWMB®.LXi5ls , £0^ B B B « 

mtfitobtix^h, 

[ o o o 3 ] mmomgkikmx'iz. mm. v 
-^%m->t><7ii'-yv-j±ivi<>x\,zZL wtghK-yj 
m±.izmftixu— rmzt. mvmzirjm 
zmiZ-tx, ®mmicr>&mx\ ®&itzitn>cr>tf 

^sro 7 a rascru 7 <Mzm- ix , 
k h 5 yvx? &w&izm? hwmmx'b^K . 

[00 04] ftfiOJtVvx^vU— ffcjfl^ 
T. «SIttW^7n7^£$£SHfc9#ffitLT¥S 
tt^^flSt&fltffc^&ivt^*. Mil/. #H 
¥1 1-1 68 5 mm/m 0-3 3 307 7#&$fi 

5rjiLr. ^<mnnz^mv>ximLx. '*mmm. 
w tc j: 0 , ltarf* 2 * to-d$h-$ra*#*fc-r * t 

[0005] U-~ f%Mi)*t><7)l'— ff-AfcClOj: o 
YV*))VV >XT l^i lz i •? ##JU § <o tcBg 

1 , jsatiirc rasar*** , 

Mh£tottt'-Alz£.l&=fm*. Xlffflwmi' 
[0006] J: S$tf U-1f5MWflW-tt 

nmwmtstixts 0.^2001-1270 
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-Mzzmm^mmzx^x . v— ytr-Awnt 

[0007] ifc. «fBJ200 1-244 2 1 3#tt, 

10 SJjUillft-riifctiO. l§]8Hc. TSteHfoM-Sfc 
[ 0 0 0.8 ] 

a*. zti(><7)%&mt, *m%%Mm:>mtix^ 

fc. tfte. «fBH2 0 0 1 - 2 4 4 2 1 3<03K*»{i, R 

20 hiz. %&%co%mmii, mmm'-uztti&i 

i&mmmmmx'h^tz. 
[0009] *mit. iMimmzm*. -mz, v 

fcM&^htzfr<nv-^mmwrjmLx, mm 
®izR^x®?xmwj?%^m&*4mmw&5j& 

[0010] 

^Wrffi^fett-g. Brffi^Tf^^^P^Wj-aTT^SESt^) l/2fg 
50 feUii:-r&J:atc3Kjilx— ifh*-A£h'-A^JLT. 
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[001132*:, COP— ft-AfcHHH*** 

— *fb*j»*:s6»«», jfiit^Tfto. m<m~m%. 

[00 1 23 ±j&co#mt°-i>.0)#<gmii. u—tFt- 
&#wm®<?)mmzt3v&ft®t'-j»<7)mt lxm% 20 

yt'-Atfm&mMv&mizmztitztifcomwmz 

a, u—rt:-j*tf-nzfti&isii^ *0>mzmtm± 
x'wv&tz&h-tttimiztk t&*mm&> tvt* y r 

[0013] ivctt, #»Jh*-A(BWh*-^- 

l/2JH±kf** 1 , »4 L<«» 1/V2J2U:. 30 
CJ:94MBS*i*4MWt-^oBli. #*L<tt. £19 

WTsrTnasiw i /v 2 fsja±t . . 1 <&ja±t» 
^f*e*k*«-& jt 1 / 2 *«ic^& l < * 

[0014] l^-if h'-A^fJ#gtC(4. i»ty'J 

[0015] SftHtt. 5V^fcS*KW4R9fffi**-t& 
+3E«OXtt«t«W)j»K***tr. +2E«*»»tt, 2o 
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[0016] 3KfeS&<Othftfffl*^«4. R» 

[ o o 1 7 3 a «i«s{4. R»L$rwcaaw-* 
a-t s £ t & < , ffinmix-nT&zmsx'* . 

[00 183 iOfcftfc. *PtL<{4, RSfL^V^Tffl 
f#4. SQcOSWi. ^W^coA9t**^«S&4"i:>«6 

»t. mmmzit. mmizm-ixitiis—fftom 
tf±M<mmv>%Mwm>*>£Mb®-£ix. mm 
commi^x-mmt^wit'-^^t^^ 

mx-tmrnzix. xttytmm Ltzmmx-mz 

&X.'J>-%<ki>l mi&MfttzB&tZitX . 4MWt- 
[ 0 0 1 9 3 U-lf t*-A^fiJ#gt LTW^'J 

>- k u *>v v yxzt iznmh m\v-j» zmzt 

-f t'-A#SiJ#8£J4 . »^ L < \t. is y V H 'J ^/PV 

[0020] wmzn\\x\t, mmmmmzx^ 
mm ix . «hw t-Aj&^v^saawK^K u^atB 

i>^-rtifr-mz. MMfoZftAlX. W.mzffl£t& 

ix. mztitzttrnv-Mmmizmtimtibb 

OJStff^i: ^Mt tzX *)MM$i\Z. 
[ 0 0 2 1 3 £<0J: ^ &a$SRli. «a**a8»*S(c 
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mtK mmx'b&i%&Mi. mzi-yxizxn&ft 
a#$J3W. i/vyvvfj >uu yxr 4 m% 

[0022] ZcoX ot,zLX . Mfc7>#8ijt"-A(i. 

a*, tomv-j>imstw±Tmb&bxmtL, mis 
a*-«k&4. 

1 0 0 2 3 ] C^J: 5 # 5X£K±fcMl?? 

Wmffl^fiJc£& k'K J: Lfc#ARXIi£tt A 

i o o 2 4 ] ueot*-- y y^ffl^^tfcv^ 

ZkizXK>. is 'J 3 y&flUt £ *0 1'- ABTIW I LX 

*)-i<znmz xdi/zLx, ®&m2-tz> z t ttx 

4£k#?$4. 
[0025] 

BSCfcwc, Ell (A) fciai (B) £Ji s U-iff- 

fi, P~ft'-A#S>J#&3k, «fc£«t¥g6 
k, tt¥WiiJMl2kS:£*, u— ft'-A#itJ#g 
3tt. S$S&4£fijfflLT, U— •Ft-AfcJKMftoa 
SPJt'-A 1 6 a- 1 6 e {C#PJU #SIJ£-A£fifc£ 

[0026] £*>Sttt»»?tt, f t*-A^«|#S 
3J1. U— ft'-Al£««4l*l 
fc7Jt*4fctf>*>#s£**-£*, ¥frt*-Afc-*4fcit> 
<7)t'-Atfc*;WyX3 1 k ytffoa 'J*- hU>X3 2 
kx*ffi]3iJ^-hU>-X3 3£Sv^ iKWCy^rfafc 
m^LT, ?3$iS&4l*KcAj i f£tf4i'y VYVittoV* 

[0027] «ttft4(i, 5^t«Kfl-f *¥fr*±«iB 
#Kltffi4 1 , 4 2£*U &WM4 1 . 4 2{i. 

-A 1 #«>I-f 4 Al«5M4 3 k ffiW ffl® 4 4 il, U- 
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«t*-A, 1 k4 2<7)^-ttlfrX'l ElRIf (m 

= 1) Udfcfr?)2o#giJt'-A (m = +l . m = - 
1 ) k, MU<r)mWX°2®%MI (m=2) tf>JfcftcD2 
OOftfJb'-A (i= + 2. m=-2) . 30 

[0028] &$S&4 *><5>^SlJf-Ali s Sfc£-«H 
10 4#, Wa£HtS8M#R6«, ##Jt'-A£fMLBc 

y*iflifcUg¥i-4 yum^i-yx6 1 ( s^y > h y 

^;H/>x') t. xHWzMftf&M%\syX6 2 
VyYVilfrWsX) frmmhzttfX'Zh. yH 
m&lsyXbUt, yLHnWt^yX6 2VMLX. 
HMtI89 0±fcy*i*iteagO*St:WfL. x*(6j* 

0, S3Stffi±tiil3lg«rn7^;U0Bg|tt*-Ai 9 if 

[0029] afe^HSJ**g6^y*(6]^^L-yX 
20 6 Hi, t*-A*9SJituSi£fiso T , {Sltffl 1 9± 

LT, ®®ffl^S^2S:, ES^-4*«, dcOSS«2 
Ji, ^fJb'-A*<, ^ilirfc:sv^»o^a««K:** 

fc«Lr3«E8*T, wmizwmzmx. mm 

1 9 ±"Oliad**fc #f<r> 2 mm\ t'-A BOT^S- 

M±tzi>(ox'b&. mwma. w^vyx6icr>^ 
ws mx'v>mMA®.wx' . ^-sj t- a-^js # csgjg 2 

30 SrEBLTV^. 

[00 3 0] S^CBKJi, H2ti, U— ft'-A^ 

t'-A^9JcO®«Sr^LTV^* { , ?m$s (T- 
El*) *>^ow-ifh*-A(i, >-yyKy^;i/uyx<o 

S^4. »»»rt-Cli. Alth'-A^-g?* 5 , mm- 

OEM* i izmik-thttfflt-M. (mmm-o) # 

* 9 , SV ^(=MHrf « RStM4 1 XJ14 2 T 1 EDt'ttR 
»Lfc4HH£-A#y#flfc2W»b'J (m = ±l ) , 
40 R*fffi4 1 St/4 2 T 2 QlSIt L^fJh'-A^^C 
y»2»1 (m=±2) , *ti*h(MMV- 
A{i, aj»iB4 3*»<9lfc«S<t4. ^WtcWLTSat' 
JNuSF0^*trfflfc«, aJStH4 3A»i5>ttSt$*i44Mi- 
Wh*-AO«fltf(USF + i,F-i,F+2,F-2* { 

##§iJt'-Aii, ;*ife«flM(uiSF + 1 • • ■ • 
*>^aj»iS4 3^fflnSrJSTMf$it4J: o t£i4. 
[0031 ] SWH»36**V^k«SL3tk#<oft)ti/yX 
34tJ:0^StS:^LTffi* t 4U— Tt*-A£, {iiWffi 
4 40ffllttf5Bt»» Lt&-J*Wv7 4 1 4 
50 T-J>4kt-4k, COSWLfcl^— f b'-A 1 4ii, ^ 
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t'%&. f t'-A 1 <rmmx^^mm±x\ 

y^rfijlc. m=-2, -1, 0, +1, H-2WJI£|E# 

ioo 32] n2T-ti. mm4cr>mm4 4frt>m 

£*U>m = 0, +1, + 2^j£#0#giJb'-A«i2p*: 
ttSr^lTfcO. m = +lfcm = + 2c7)##Jfc.--A<i s 

I). ffi*-, m=-l N -20#ffJb'-A(4. m = + 1 , 

^Krymm^m^nLxnwi^zhhtiK 0* 

[00 3 3] 03 (A)ii. U—fh'-ASr^FO^ 
«»S§4t'RW§-tir-rC S&&4<OtU3ffi4 4<7) 
«Bt STiiLhCSWLfcl^— f b*-A 1 4£i>(tl># 
SiJb'-AOMiI£0^tL£iw:'*>l>. .Iix(4. n 
^7-D7-f;l/c7)b— f t'-A 1 4£. 0 7# 

C00 34]#«4Cfcv^(i, SM4<Daia«4 
4 T'tS, 5Wc|^g^l>#lriJb'-Aa<#r Oii^ii-Cflg 

$*u>. \s-w-j>immiz£&3.wzm 
mt&j&mt. foiwfi* 5 ^ S3 (b) (cfcwt, 

SM&^ttMffiT-OtfSiJb'- 0 >I LSKT-a-f 
3>. 03 (A) fcfcWT, m=+l<7)^<7)tS 

RmutZtllzm-tZ>m=0<DmR®\nttt. 03 
( C ) J; a fc, ««OtiiItffl4 4 T14#r 0 JE$ 

[0035] £Oj:34ff"3aLfc»«t-At, 

[ 0 0 3 6 ] 04(4. $i£$a>4,0#SiJb-ACD2oc7) 
j£#7t*tt. Mi. if . SWHI»m = +lhm = 0<7)2OC0 
J&fr£. y*[6jte?U>X6 ltx^(6]m3tl^>'X6 2 

- A±T'5lV *CBMfc*S4HB b'- i i 1 1 1 1 X'li 

±% < L* o * { . i> t *>U— f b'-A±T5 
^lcWifc4MWt-A«JMiHVl: i i k X'li. *®co£ h ■ 

U 04 14. W-lfh-A<05MC4Wli^^^fliCifi 

[0037] «8Wiif±<0«a^*)-e-(cJ: 4^*08* 

(4 , dHPHB d fc * cmmxcrtu-^h'-A^m^m 
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1 0 

{4, U-lfh-AdOh-ABrlBKfcJtSSMt^ffi* 1 ^'? 
x^ffi^ ft#t S fcLfci:*. 05 tIKWCStJ; 5 
t. t*-AitffiDS:5l**9KiBS*<01/ea (iiC 
etti«WRtf>JS) fc*&I^R ( l/e2 pj) flgD 

*'m<mmk%mztih. bvb'yr-rt 

10 {4. T#L£&&#^fiK&Jgfcfiffi3$j£<0il£fi;« 

susi:ftfiswsfc«»-ciifeLfcfi-e*f3. Taws** 

[0038] f h'-A^^i||d d = s /2 fc 

««0>8H» h'- Acofi^r 0 h'^'f y t -r (4 1 Icifi 
< . Mtlteffl&com h'-A^a^ 0 ifCti bV b' y r 
<J41/e fcfc*. ^O+IBMWaTti, lHl/et 
Ir»*S. #£U^»!im. 4MWiBd{4. d = s 

/2&±x-t>*). zcom^mtitcmmmsit'-Aco 

20 *^0g|5t'(4bVt-y7 i ^J4. 

[0039]$ yb'-A04MWBdl±. d = 
s/,T2J2LtfcU:fc#l4. l«ft.fc««<0!H«t-A<o 
S^0gPT'(4b'vb'yr^{41/e2 IziSMtt. fit 
iff* tV^Jfi^®T14, «*ifc««^)Sa»t-A<0fi* 
9S5T'{4b'xb'y r -f i4 1 /e 4 jaTtUKtt* . 
[0040] #3ifd£d = sl;:i:oT, H2K*tJ: 
3 1»«»4 H J: 0 V— f b*-A 7^-SiJLT . gBfttS 
±t«^^B#^S^Sr06t3^-r*»\ *«SrDiS 

30 OTT(4. T = A/s i nA^'^S, ddKA{4> 

ffl 1 9±T*OAItft WHT'S)!. . 
[ 0 o 4 1 ] § hlz. ■*Wftnft&m±* ±M<T)^-Vl 

Kwzmt&m$#mv-j*<?>^ii\i)~-i}Z®}:iz 

m^m-SAsX-^h. znxtmm&mt. +se*s 
^msmmzhmmztiitf. s\Azm 

[0042] v— fh'-A^^m^mm^ 

AL= cAt= A 2 /A A 

■C*ife*l&. c{4*a. AtHflTTaWISL 

{f, Nd : YAGlx-nfC'ti. ^t*«OA = l. 0 6 
jumOb'-AKOVvC ;*/<.;? h;HHAA = 0. 1 2~ 
0.30 mT* S COT , B#H6<J ^rT#S§ll A L (4 . A L 
50 =3. 8~9. 4mmk i ih. 
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[0043] H7li, U-?tf-A»5V*WWWft*l 
(IP*. ftSS^Aa) . fcJOBMfit^LT^*^. * 

[ 0 0 4 4 ] 12 1 fcli. ^<0$HWt-A*«5irHc4Mi 

«ov^-fit*Hc N x&ttm&t&t ix. m%&<vmmw. 

tck 94MMUfct-A*y*rtiS»wyX6 1 (ci 0<£ 
*U x3W^l/yX6 2fcJ:9JMflll±fc. awt 
-Al 9$-«Mtl>#>\ y*|6lK^yX61fcx^|6l 
%%VVXb2t<?mz. y Ufom^ >X61i,z£'*) 

im&ti . z <r> J: 3 ftEPJoaSEft 2 (c i 0 . UStffi 

ni , £§v,cO/at/Wno 

A a = a (m — no )/ni 

■C*i*>it*. 30 
[0045] #5xKfcJ:*3KBi£AaM:, BSSIWhFF 
mm&LPXklzmg.tZ (AaSAL) COT. Ztlt> 

<n&frt). mvzfmt&ttMv-^mztimm?® 
h. mwmw-Mt. mi<a. mmmzxmmw 

*T¥8»E«ALtf>2ttJ2Lt. §^l:ML<li, 4 fett 

d : Y AGU-lf fit. X&ttfflEmtSm ( n i = 
1.4 6) fcfllVvtfciK B*IHW=RSre*AUi3. 8 
-9. 4mmCTLt.»iAaai2-30mmC 40 

[00463 mmmm2 . msa. ±s&&mntt 
x&mwm^mcD&wcvttmzm^xit. i*mc, 

01 (A) fcHl (B) <03K^fcHtU— ft*-A% 

[0047] Zff)m&cr>BMizii^Xi±. ®IZ. KSf® 
Sfcm=0<OJ©^£Ol3it*-ASr, y#fite^U">XV)f£ 

*4. m = 0Ottiit'-A{i. HRmi(caBiL>OrV^) 50 



^2003-287703 
1 2 

fig^f^tLTti. Bith'-A (m = 0) K»LT» 
*3rEfi<04HWt*-A«>S •( m = + 1 , - 2 ) XJi ( m 
= - 1 , + 2 ) C0V^*^-^^C^)1LT, flfcfrtf) 

1*W3IB*82tt. -^O^SiJt'-AP (m=+l, - 
2) t-&Lxm&i$Gk-&nmxWiX\i.i}7Xu 
■y KA<flTl . A*«SMfcT# 4«jiSa 

[0048] gdfc0$JB3 . WJOft^fciJVvC 
ttR»L&o. 2oJil±^RW^§'lt'-A*i. PBSEIR 

AaawafctsfttataT**. ^wiasaru— ft* 

-A*MW#«li, H9tC5rf idK. »«B*>+<&*lifc: 

jgwftjrc, mmixwmLizmmimmx'Zz. 

[00493 01Ofc01 HZTptXoiZ, mm4ft 

t*-A<offi;afctf-a># , m&m mmmizm ix . 

3 4A^Offic0b'-A^©®®* { . ^tL-ftL2|l]S 

3 0RSt. 4i5iKiits*u tt«>tt^d ^kiiqKB 
i. mtztLXftmistLizh'-&\^ miocommmm 

iz. £Mi®mm<mfrl~~8T'$i2tlX\ l ->2>. 
[0050] HI lfc(i s JiiWB44±Wffll51t 

tit^miz. gmtmmmtix. mimmm 

•fhtK ZCOmWit. m9iZ^-fXoiZ. y^l&I^V 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical system for a laser beam homogeneity exposure which has 
improved the homogeneity of the exposure laser beam in an exposure side on the occasion of the lasing of an irradiated 
object. 
[0002] 

[Description of the Prior Art] As an example which heat-treats by laser radiation, covering formation of the amorphous 
silicon film is beforehand carried out by the gaseous-phase forming methods, such as CVD, on the suitable substrate, 
for example, a glass substrate, on the occasion of manufacture of the polycrystal silicon film, and the approach of 
scanning and polycrystal-izing this amorphous silicon film by the laser beam is learned. 

[0003] By the polycrystal-ized approach of the silicon film, for example, condense the laser beam from a laser light 
source on the amorphous silicon film with a lens, carry out laser radiation, the silicon film is made to scan in the case of 
an exposure, and there are some which are crystallized in process of melting coagulation. The shaft-orientations profile 
of the beam in an exposure location on the strength of this laser beam is usually the Gaussian distribution of axial 
symmetry in the source of laser depending on a profile. The polycrystal silicon film fabricated by the exposure of such 
a beam had the very low homogeneity to the crystalline direction of a field, and it was difficult to use a thin film 
transistor for manufacture by making this into a semi-conductor substrate. 

[0004] Furthermore, using excimer laser with short wavelength, the profile of an exposure beam is made rectangle-like 
distribution and the technique which carries out exposure heating is known by the semi-conductor film. For example, it 
was what lets two cylindrical-lenses Daley who intersects mutually JP,1 1-16851, A and a 10-333077 official report in a 
field perpendicular to an optical axis in the laser beam from an oscillator pass, lets a convergent lens pass ahead [ the ], 
and is completed as a semi-conductor film front face. It was what repeats and fabricates the polycrystal band of 
constant width on the semi-conductor film by this approach's making the laser beam which takes Gaussian distribution 
uniform intensity distribution by two cylindrical-lens arrays by the 2-way which intersects perpendicularly, and the 
exposure laser beam in a semi-conductor film front face serving as width of face which is different by the 2-way which 
intersects perpendicularly on the semi-conductor front face, and carrying out sweep migration of the exposure laser 
beam. 

[0005] If such a cylindrical-lens array divides the laser beam from a laser light source and it is further compounded in 
respect of an exposure, interference of a laser beam will arise in respect of an exposure, and it will become the striped 
pattern of strong height. Since the profile of the migration direction of a laser beam on the strength influences crystal 
growth greatly when the semi-conductor film carries out heating crystallization using a rectangle-like exposure laser 
beam, interference produced with the piled-up beam in such an exposure side is not desirable to making it grow up to 
be the crystal grain of the silicon film greatly. 

[0006] The approach except the heterogeneity of the exposure laser reinforcement by this interference is proposed, and 
the optical system of a configuration of making a beam into parallel light in KORIO meter from the light source, 
irradiating the mirror which has a phase-like reflector, and irradiating by the cylindrical-lens array which compounds 
the beam divided by the mirror, and the cylindrical lens for convergence is indicated to JP,2001- 127003, A. With the 
divided beam, with the level difference between each reflector, this establishes the optical path difference more than the 
coherent die length of a laser beam, and prevents interference between the division beams in an exposure side. 
[0007] Moreover, JP,2001-244213,A prevents interference similarly by making the laser beam from the light source 
into parallel light with a beam collimator, irradiating two or more small reflecting mirrors, irradiating an exposure side, 
piling up the reflected light from each reflecting mirror, and securing the optical path difference of the laser beam 
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which reflects each plane mirror more than coherent die length. 
,"[0008] 

[Problem(s) to be Solved by the Invention] Although the technique of the above-mentioned beam equalization divided 
the laser beam from the same light source, established the optical path difference using the reflecting mirror which has 
two or more reflectors for the interference at the time of piling up in respect of an exposure and was prevented, such 
optical system needed the special reflecting mirror. Especially the optical system of JP,200 1-244213, A needs the 
arrangement which bends the optical axis of the optical system by the reflecting mirror, and each reflecting mirror of 
optical system had further the problem to which it is necessary to arrange so that specific physical relationship may be 
correctly fulfilled to an exposure side corresponding to many division beams, and arrangement of a reflecting mirror 
becomes complicated, and the degree of freedom of the optical system which should be arranged as a thermal treatment 
equipment becomes low. To the large source of laser oscillation of time coherence length, equipment became greatly 
and complicated, and it was not realistic especially to have prepared the optical path difference in all division beams, 
and optical adjustment was difficult for it. 

[0009] In the optical system which forms the exposure beam which generally piled up the division beam which divided 
the laser beam in view of the above-mentioned problem, and was equipped with uniform intensity distribution on the 
exposure side, this invention prevents interference between the division beams by superposition, and offers the laser 
beam homogeneity exposure optical system which can attain much more equalization of an exposure beam. This 
invention tends to offer homogeneity exposure optical system easy [ the configuration and adjustment for preventing 
such interference and equalizing an exposure beam ], and easy. Furthermore, especially this invention tends to be 
applied to the laser-heating equipment for applying to the amorphous silicon film as an irradiated object, and carrying 
out the polycrystal-ization, and it is going to offer the optical system which covers a crystal-face region and enables 
manufacture of the polycrystal silicon film with few lattice defects. 
[0010] 

[Means for Solving the Problem] A laser beam division means by which the laser beam homogeneity exposure optical 
system of this invention divides the laser beam from a laser light source spatially in a beam cross section, The 
superposition exposure means which piles up two or more divided beams on an exposure side, and carries out a ****** 
exposure, It is what consists of the equalization means which makes beam reinforcement on an exposure side 
homogeneity. Beam division of the light source laser beam is carried out so that the above-mentioned laser beam 
division means may make the above-mentioned beam division width of face 1/2 or more twice the spatial coherence 
length of the direction of a cross section in the above-mentioned beam cross section. When a division beam is piled up 
in respect of an exposure, interference between division beams is mitigated, and exposure intensity distribution are 
equalized. 

[001 1] This laser beam homogeneity exposure optical system with moreover, a laser beam division means to divide the 
laser beam from a laser light source spatially in a beam cross section and the superposition exposure means which piles 
up two or more divided beams on an exposure side, and carries out a ****** exposure It is what consists of the 
equalization means which makes beam reinforcement on an exposure side homogeneity. The above-mentioned 
equalization means prevents the interference on the exposure side between the division beams which adjoined mutually 
including an optical delay means to delay one side of the contiguity division beam which adjoins mutually [ the beam 
which the above divided ] for a long time rather than time coherence length to another side, and equalizes exposure 
intensity distribution. Furthermore, the laser beam homogeneity exposure optical system of this invention makes 
exposure intensity distribution homogeneity extremely by reducing the element of the spatial coherence length of the 
direction of a cross section of the above-mentioned laser beam, and the element of the time coherence length of the 
direction of an optical axis both. 

[0012] The division width of face of an above-mentioned division beam is specified as width of face of the division 
beam in the outgoing radiation side of a laser beam division means, and spatial coherence length says the spatial 
coherence length in the cross section when being projected on the laser beam from the light source in the location of the 
outgoing radiation side concerned at this time. This spatial coherence length says the minimum lap distance of two 
beams in case the visibility of the after-mentioned [ interference produced when a laser beam branches to two and piles 
up again on an exposure side after that ] is set to 1/e. 

[0013] In this invention, although the ratio to the spatial coherence length of the direction of a cross section in the beam 
cross section of division beam width is made or more into 1/2, it takes still more preferably or more for one two or 
more [ 1/root ] preferably. That is, the width of face of the division beam divided by the beam division means is set up 
1/root the more than twice of spatial coherence length by 1 or more times especially preferably. Although the upper 
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limit of division beam width is decided by the number of partitions which divides a laser beam, the number of 
partitions is at least 5, and is seven or more preferably. Although it is so effective in flattening of the reinforcement of 
an exposure laser beam that the number of partitions is large, it is not desirable that enlarge the number of partitions 
and the above-mentioned division beam width becomes less than 1/2 ratio to spatial coherence length. 5-7 are used and 
the practical number of partitions sets division beam width as 1 or more times to spatial coherence length. 
[0014] Waveguide and a cylindrical-lens array are included in a laser beam division means. All divide a laser beam in 
the any 1 direction in a perpendicular field to an optical axis. 

[0015] Waveguide contains the light transmission body of the hollow which has the reflector which counters mutually, 
or a solid. Waveguide in the air can use what countered and has arranged two mirror planes at fixed spacing. The 
waveguide of a solid is the light transmission body which made both principal planes the mirror plane with tabular, and 
can usually use the plate of optical glass. In such waveguide, the condenser lens which carries out incidence of the 
radiation laser beam from the source of laser between the reflectors in waveguide is included in a laser beam division 
means. 

[0016] The division beam to penetrate and 2 sets per count of the reflection which reflects in the reflector which 
counters of division beams are obtained from the outgoing radiation side of waveguide without reflecting the inside of 
waveguide in a reflector. 

[0017] Furthermore, waveguide's structure thru/or arrangement which does not produce the division beam passed 
without reflecting is desirable. Without inserting a single optical delay means in the group of another side by inserting 
only in the division beam of a fixed group, this arrangement can mitigate the interference on an exposure side, and has 
the advantage which can make arrangement of a single optical delay means simple. 

[0018] For this reason, a screen can be preferably inserted and covered with the division beam which is not reflected 
and which ******( e d). The structure to which incidence of the incident light to waveguide is asymmetrically carried 
out to a waveguide medial axis can be used for another mode. For this reason, waveguide cannot be made to produce 
the division beam passed without the optical axis of the incidence laser beam to waveguide crossing diagonally with 
the medial axis between the reflectors of the above-mentioned waveguide and reflecting between reflectors, either. The 
plane of incidence of the waveguide concerned makes still more nearly another mode the medial axis of waveguide, 
and the configuration in which it crosss diagonally using a light transmission body [ solid / waveguide ], and it is made 
to be refracted by the plane of incidence in which incident light crossed diagonally, and once [ at least ], it is made to 
reflect in a reflector and a division beam can be constituted. In these modes, there is an advantage which can use all 
division beams for an exposure as compared with the configuration which carries out the oblique light of the division 
beam which is not reflected, and which ******( e d). 

[0019] On the other hand, the cylindrical-lens array as a laser beam division means can be pillar-shaped, can be 
arranged to the one direction where a cross section makes parallel two or more convex lens-like cylindrical lenses, and 
intersects perpendicularly with an optical axis substantially, and can obtain the division beam which corresponds for 
every cylindrical lens of each ****. The collimator which carries out incidence of the parallel light to a cylindrical-lens 
array is preferably included in a laser beam division means to use a cylindrical-lens array. 
[0020] It is inserted in the optical path which each division beam divided into the optical delay means spatially 
mutually preferably using the light transmission body, i.e., delay plate, for delay of a beam in this invention. At this 
time, among the division beams adjoined when projecting each division beam on a laser beam conversely, at least, a 
delay plate is inserted in either and the optical path difference is optically established between the division beams 
which adjoin mutually, the optical path difference is size-attributed from the time coherence length of the laser beam, 
the separated division beam irradiates an exposure side, and a delay plate can prevent interference of the laser beam at 
the time of a heavy bubble knot. The optical path difference is prescribed by the difference of the beam transparency 
die length of a delay plate, and the refractive index of a delay plate and the refractive index of air. 
[0021] Such a delay plate is inserted in such a field when forming the field which carried out spatial separation of two 
or more minute rate beam which formed the division beam from a laser beam division means in the superposition 
exposure means with the imprint lens including the imprint lens imprinted to an exposure side. For example, when a 
laser beam division means is waveguide, it is arranged in the focal location which each division beam converged with 
the imprint lens. When a laser beam division means is a cylindrical-lens array, it can arrange on the outgoing radiation 
side optical path of each cylindrical lens. 

[0022] Thus, the part penetrates an optical delay means, a superposition exposure means piles up a division beam on an 
exposure side, and carries out a ****** exposure, and the profile of exposure laser projects two or more division beams 
so that it may change with the shape of the shape of a rectangle, and a straight line. The intensity distribution of the 
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.longitudinal direction of the irradiated beam become uniform. 

[0023] Such optical system is suitable for using for the annealing equipment for carrying out heating fusion, and 
polycrystal-izing the silicon coat of the amorphous substance which carried out covering formation by the chemical 
gaseous-phase forming method etc., or polycrystal on a glass substrate, or making it grow up to be a bigger and rougher 
crystal. 

[0024] The crystal silicone film which carried out the sweep of the silicon coat top with the beam width by scanning in 
the direction which forms the linear exposure beam made into the shape of thin double width on a silicon coat front 
face, and intersects perpendicularly with a beam line in the above-mentioned optical system for annealing especially, 
could be made to carry out crystal growth to it as heated to homogeneity, and was equipped with uniform high 
crystallinity since the beams were uniform intensity distribution with few interference figures can be manufactured. 
[0025] 

[Embodiment of the Invention] In the gestalt of operation of gestalt 1 . this invention of operation, although laser beam 
homogeneity exposure optical system is shown in drawing 1 (A) and drawing 1 (B), this optical system shows the 
example which forms the exposure profile of the shape of a straight line converged in breadth and the x directions at 
the line by distribution uniform in the direction of y on an exposure side. Including the laser beam division means 3, the 
superposition exposure means 6, and the optical delay means 2, the laser beam division means 3 divides a laser beam 
into the division beams 16a-16e of the number of requests using waveguide 4, and optical system is carrying out image 
formation of the division beam as an exposure beam 19 of a straight-line-like profile on the exposure side with the 
superposition exposure means 6. 

[0026] With this operation gestalt, including the beam magnifying lens 31, the direction collimate lens 32 of y, and the 
x direction collimate lens 33 for making the laser beam 1 from a laser oscillation machine into a collimated beam 
including the optical system for carrying out incidence into waveguide 4, subsequently to the direction of y the laser 
beam division means 3 condenses, and contains the condenser lens 34 of the cylindrical lens which carries out 
incidence into waveguide 4. 

[0027] The parallel main front face which counters mutually has reflectors 41 and 42, and the reflectors 41 and 42 of 
waveguide 4 are perpendicular to the direction of y in this drawing. The incidence end face 43 and the outgoing 
radiation end face 44 to which a laser beam 1 penetrates between both reflectors lie at right angles to the optical axis of 
a laser beam. The division beam of the component which the laser beam 1 which carried out incidence passes through 
between reflectors, and is emitted from an outgoing radiation edge, and 2 division beam of the component which 
carried out reflection (m= 1) once in either of the reflectors 41 and 42 (m= +1, m=-l), two division beams (m= +2, m=- 
2) of the component of 2 times reflection (m= 2) in both reflectors, and each which the count beyond 3 times thru/or it 
reflected further - the division beam of a pair is divided into each component emitted from an outgoing radiation edge. 
[0028] Although the division beam from waveguide 4 is piled up and projected on the exposure side 90 by the 
superposition exposure means 6, the superposition exposure means 6 can constitute a division beam from an imprint 
lens 61 (cylindrical lens) of the direction of y imprinted in the direction of y on an exposure side, and a condenser lens 
62 (cylindrical lens) which condenses in the x directions. The direction imprint lens 61 of y lets the x direction 
condenser lens 62 pass, it extends to the die length of a convention [ on the exposure side 90 ] in the direction of y, the 
x direction condenser lens 62 makes a line converge it in the x directions, and, thereby, the exposure beam 19 of a 
straight-line-like profile is obtained on an exposure side. 

[0029] Although each division beam makes a focal spot, the imprint lens 61 of the direction of y of the superposition 
exposure means 6 is set up so that it may project on the exposure side 19, and a division beam arranges the light 
transmission body 2 for delay as an optical delay means in the location separated spatially mutually near the focal spot 
location This delay plate 2 delays one of optical paths to the optical path of another side about the division beam in the 
field to which a division beam adjoins each other mutually before division, establishes the optical path difference 
optically, and prevents interference between two division beams when piling up on the exposure side 19. The example 
of drawing 1 is a focal spot location by the side of the outgoing radiation of the imprint lens 61, and arranges the delay 
plate 2 to set even a division beam. 

[0030] In more detail, although drawing 2 shows the mode of division of the laser beam from a laser oscillation 
machine about the waveguide of a laser beam division means, incidence of the laser beam from a laser oscillation 
machine (un-illustrating) is carried out into waveguide 4 through a focus F0 with the condenser lens 34 of a cylindrical 
lens. Within waveguide, there is a division beam (count m= 0 of reflection) which a part of incident beam penetrates 
without reflection in a reflector. As for those (m= **2) with two kind, and each division beam, the division beam which 
the division beam reflected only once by the reflector 41 which counters mutually, or 42 reflected in the direction of y 
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twice in those (m= ** 1) with two kind and reflectors 41 and 42 is similarly emitted in the direction of y from the 
outgoing radiation side 43. the virtual-image focus F+l of each division beam emitted to the field which is 
perpendicular and includes a focus F0 to an optical axis from the outgoing radiation side 43, F-l, F+2, and F-2 — it is — 
each division beam ~ these virtual-images focus F+l - pass opening of the outgoing radiation side 43 from .... it seems 
to emanate. 

[003 1] Supposing the profile of the beam which projected the laser beam which spreads through a focus with the 
condenser lens 34 when assuming that there is no waveguide on the field of the location of the outgoing radiation side 
44 is a circle 14, this projected laser beam 14 can be decomposed into the component of the partition corresponding to 
each of many division beams, each component in the cross section of a laser beam 1 - a cross-section top — the 
direction of y — m=-2 and - the component which will be emitted from the outgoing radiation side 44 of waveguide 4 if 
it classifies in order of 1, 0, +1, and +2, i.e., a division beam, « the direction of y — the count m= +2 of reflection, and - 
cautions are taken to become the array of the order of the component of 1, 0, +1, and -2. 

[0032] In drawing 2 , only the arrangement of the division beam of the component of m= 0, +1, and +2 emitted from 
the outgoing radiation side 44 of waveguide 4 is shown, and the division beam of m= +1 and m= +2 is mutually 
emitted to an opposite direction to the interface of a reflector. On the other hand, although there is a division beam of 
m=-l and -2 in the direction of the symmetry to the longitudinal plane of symmetry of the reflector of m= +1 and +2, it 
is omitted all over drawing. 

[0033] Drawing 3 (A) diagrams the division width of face of the division beam in the laser beam 14 which projected 
the laser beam on the flat surface where the outgoing radiation side 44 of waveguide 4 corresponds from a focus F0, 
without making it reflect by waveguide 4. This is an example which divides the laser beam 14 of a circular profile into 
seven by waveguide. 

[0034] In waveguide 4, in respect of [ 44 ] the outgoing radiation of waveguide 4, the division beam which adjoins 
mutually is turned up and it is superimposed on it. Then, the boundary part of the component by division of a laser 
beam 1 which adjoins mutually corresponds in the clinch section of the division beam in the outgoing radiation side of 
waveguide in drawing 3 (B). For example, in drawing 3 (A), it is turned up in respect of [ 44 ] the outgoing radiation of 
waveguide, and the boundary sections iii of m= 0 which touches the boundary section III of the component of m= +1 
and this overlap, as shown in drawing 3 (C). 

[0035] If such a turned-up division beam is piled up on the exposure side 90 through the direction imprint lens 61 of y, 
the x direction condenser lens 62, etc. and it is projected, interference will be produced with an exposure beam on an 
exposure side, and wavelike distribution will be formed in reinforcement. 

[0036] Although drawing 4 shows the example of the intensity-distribution Fig. on an exposure side when only two 
components of the division beam from waveguide are piled up and irradiate the count m= +1 of reflection, and two 
components of m= 0 on the exposure side 90 through the direction imprint lens 61 of y, the x direction condenser lens 
62, etc. Although it interferes greatly and being suited on the original laser beam in the division beam boundary 
sections iii and III which adjoin mutually, fluctuation of the intensity distribution which interference depends is small 
in the division beam boundary sections IV and ii similarly left mutually on the laser beam of a basis. In this drawing, 
the division width of face d was taken along the axis of abscissa, and relative beam reinforcement is taken along the 
axis of ordinate. However, drawing 4 makes the intensity distribution of a laser beam approximate to Gaussian 
distribution, and the division width of face d is a case equal to the spatial coherence length s. 
[0037] It depends for extent of interference by the superposition on an exposure side on a ratio with the laser beam 
spatial coherence length s in the division width of face d and its location. When it presupposes that intensity 
distribution [ in / in the spatial coherence length s / the beam cross section of a laser beam ] save Gaussian distribution 
here, As typically shown in drawing 5 , it is prescribed that beam diameter D is the path D of a circle (l/e2 yen) in case 
reinforcement is set to 1 of optical-axis reinforcement / e2 (e is the bottom of a natural logarithm here). A single laser 
beam is branched to two and it is defined as the distance of the center to center of l/e2 yen of both sides when the 
visibility of an interference fringe decreases at 1/e to the exposure field which shifted the optical axis of each other and 
overlapped from the condition in which carried out the optical axis in common, and it was made to interfere on an 
exposure side. It is the value to which visibility **(ed) the difference of the highest reinforcement of intensity 
distribution, and the minimum reinforcement in which it interfered by the sum of the highest reinforcement and the 
minimum reinforcement here, and is the scale which shows extent of interference. 

[0038] When division width of face d of a laser beam is set to d=s/2, in visibility, in the lap section of the exposure 
beam of the field which approaches mutually [ the division beam which adjoins each other mutually ], visibility 
becomes 1/e by the lap section of the exposure beam of near and the distant field 1. In the staging area, it gradually 
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.decreases to 1 to 1 / e. With a desirable operation gestalt, the division width of face d is or more d=s/2, and visibility is 
reduced to below 1/e in the lap section of the exposure beam of the field left in this case. <BR> [0039] Furthermore, 
when it is made more than d=s/root2, in the lap section of the exposure beam of the distant field, visibility reduces the 
division width of face d of a laser beam to 1 / e2. In the lap section of the exposure beam of the field left with the most 
desirable operation gestalt, visibility is reduced less than [ l/e4 ]. 

[0040] Although the intensity distribution when waveguide 4 dividing a laser beam into seven as shown in drawing 2 , 
and piling up the division width of face d on an exposure side for d=s are shown in drawing 6 , the intensity distribution 
improved considerably are shown. The period T of the interference fringe generated in this drawing is decided by " 
T=lambda/sindeltatheta. lambda is wavelength here and deltatheta is the difference of the incident angle on two 
division beam exposure sides 19 which produce interference. 

[0041] Furthermore, the optical system of this invention includes an optical delay means to delay either of the 
contiguity division beams which the above-mentioned equalization means adjoins mutually among the division beams 
formed by the above-mentioned waveguide for a long time rather than time coherence length to another side. Although 
this optical delay means is used also for a solid light transmission body also by the hollow mirror, it is that of what 
establishes the optical path difference for the division beam from the field which adjoins mutually interfering each 
other among both, and prevents interference. 

[0042] Time coherence length deltaL of a laser beam is deltaL- cdeltat** It is given by lambda2/delta lambda. Here, 
for the velocity of light and deltat, a coherence time and deltalambda of c are the wavelength width of face (spectral 
band width) of laser, and coherence length becomes long, so that the wavelength width of face of laser is narrow here. 
If it illustrates, since it is spectral-band-width deltalambda=0.12-0.30nm, by Nd:YAG laser, time coherence length 
deltaL will be set to deltaL=3.8-9.4mm about the lambda= 1.06-micrometer beam of main wavelength. 
[0043] Drawing 7 is the distance (namely, optical-path-difference deltaa) of the difference of the visibility in the 
exposure side of two division beams divided from the field which adjoins mutually [ a laser beam ], and the optical 
path established between division beams, Although relation is shown When the optical path difference is time 
coherence length deltaL, visibility becomes still smaller by reducing visibility to 1/e and enlarging further the optical 
path difference from between division beams. 

[0044] The optical path difference is formed between the division beams with which two or more division beams insert 
in either of the division beams which are easy to produce interference mutually as an optical delay means, the delay 
plate 2 2, i.e., the optical-glass plate, of translucency, and which they adjoin in the location separated mutually at 
drawing 1 at it. Although this example imprints the beam divided by waveguide 4 with the direction imprint lens 61 of 
y and the exposure beam 19 forms on an exposure side with the x direction condenser lens 62, a focus f forms in each 
beam with the direction imprint lens 61 of y between the direction imprint lens 61 of y, and the x direction condenser 
lens 62, and the glass plate as a delay plate 2 inserts the focal location f or before and after that, and prepares the optical 
path difference in either of the adjacent beams. This example is inserting the glass plate alternately [ of five division 
beams ], and other division beams pass in the space between the delay plates 2 and 2 which adjoin each other mutually. 
Since interference between the division beams which adjoin mutually the exposure beam piled up on the exposure side 
with such a delay plate 2 of an array does not arise, intensity distribution can make it a uniform profile substantially. 
Optical-path-difference deltaa by the glass plate is given by thickness a of a glass plate, deltaa=a (nl-nO) from the 
refractive index nl of glass, and the refractive index nO of air / nl . 

[0045] Optical-path-difference deltaa by the glass plate is that (deltaa>=deltaL) which is set up more than time 
coherence length deltaL, and glass thickness a which gives the optical path difference more than time coherence length 
deltaL from these formulas between the division beams which adjoin mutually is called for. Preferably, the thickness of 
a delay plate is set up so that the optical path difference of 4 times or more may be established still more preferably 
with a delay plate deltaLtwice [ more than ] as many time coherence length as this. For example, Nd: In an YAG laser, 
when a quartz (nl=l .46) is used for an optical delay means, optical-path-difference deltaa is set to 12-30mm by time 
interference distance deltaL to 3.8-9.4mm. 

[0046] Although gestalt 2. drawing 8 of operation is the modification of the above-mentioned operation gestalt and 
shows arrangement of the optical system seen from x directions, every time it removes the difference of arrangement of 
the optical delay means 2, it shows the same laser beam homogeneity exposure optical system as the optical system of 
drawing 1 (A) and drawing 1 (B) fundamentally. 

[0047] especially in the gestalt of this operation, it intercepts by the screen 29 which has arranged the rectilinear- 
propagation beam in the case of the count m= 0 of reflection in the focal location f behind the direction imprint lens of 
y - it is. Since the rectilinear-propagation beam of m= 0 does not arrive at an exposure side, this does not contribute it 
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,to interference. Or (m=-l, +2) inserts only in either, therefore - as the optical delay means 2 - a rectilinear- 
propagation beam (m= 0) — receiving — the group (m= +1,-2) of the division beam of a symmetric design — Since the 
herd of another side does not arrange the optical delay means 2, by this the interference between division beams on an 
exposure side mitigation and the optical delay means 2 Advantage **** which can use the glass plate of one sheet or 
glass rod which makes one division beam group (m= +1,-2) penetrate collectively, and can simplify an optical system. 
[0048] In the optical system of gestalt 3. this invention of operation, the laser beam division means by the waveguide 
which prevented that all division beams reflected once [ at least ], and two or more reflective division beams carried out 
same number time reflection is offered so that the division beam which goes straight on, without reflecting the inside of 
waveguide may not be included. As shown in drawing 9 , the structure which was a predetermined include angle, 
crossed diagonally and has arranged the optical axis of the incident light study system of a laser beam division means 
can be used for such a laser beam division means to the medial axis of waveguide. 

[0049] As shown in drawing 10 and drawing 1 1 , circumference component ** of the beam of the condenser lens 34 of 
the cylindrical lens which carries out incidence into waveguide 4 carries out incidence to the plane of incidence of 
waveguide 4. It reflects once and is emitted from an outgoing radiation side, and, respectively it is reflected and 3- 
times-reflected, 4 time reflection of other beam component ******s of a condenser lens 34 is carried out twice, in a 
reflector, and other components are reflected further many times, and it is set up so that it may emanate from an 
outgoing radiation side. It emanates and the divided beam is expressed with the figures 1-8 of the count m of reflection 
to the emission side side of drawing 10 . 

[0050] In drawing 1 1 , the superposition of the division beam in an outgoing radiation side is indicated to be division 
beam arrangement of the beam cross section in the flat surface 151 on the outgoing radiation side 44. The sequence of 
the count of reflection expresses the sequence of arrangement of the division beam in a laser beam cross section. 
Therefore, although a delay plate is arranged as a spatial delay means only to either since it is easy to interfere on an 
exposure side in the division beams of one difference in the sequence of the count of reflection In the focal f location 
according to the direction imprint lens of y as this arrangement is shown in drawing 9 the division beam of even count 
(4 for example, m= 2, 6) reflection Since it inclines toward one side to the division beam of odd counts, the division 
beam of even count reflection is easily realizable by inserting the single delay plate 21. 

[0051] in drawing 1 1 , the width of face d of a division beam was stated to the above-mentioned operation gestalt - as - 
- 1/2 or more [ of the spatial coherence length s ] ~ desirable — 1/root it is especially set or more to one two or more. 
[0052] Although drawing 12 shows other examples which do not form the division beam which goes the inside of 
waveguide straight on Although this example makes the optical axis 40 of waveguide 4 in agreement with the optical 
axis 30 of a condenser lens 34 By carrying out an oblique intersection to it being also at a suitable include angle, and 
making the incident beam in the plane of incidence which crossed diagonally refracted without making the plane of 
incidence 43 of waveguide 4 intersect perpendicularly to an optical axis Lose reflection 0 times, obtain the division 
beam of reflection, such as 1 time, 2 times, and 3 etc. times, and it also sets for this example, the focal f location 
according one delay plate 21 to the direction imprint lens of y - setting - the division beam of even times reflection (4 
for example, m= 2, 6) - or the optical path difference between the division beams which adjoin mutually can be 
established by inserting in the division beam of odd times reflection collectively. 

[0053] Although the operation gestalt by the cylindrical-lens array is shown below as a beam division means besides 
gestalt 4. of operation, this example carries out incidence of the collimated beam from a collimate lens 33 to the 
cylindrical-lens array 5 including the beam magnifying lens 31, the direction collimate lens 32 of y, and the x direction 
collimate lens 33 for laser beam homogeneity exposure optical system to make a collimated beam the laser beam 1 
from a laser oscillation machine including the optical system for carrying out incidence to the cylindrical-lens array 5, 
as shown in drawing 13 . 

[0054] Although the lens which made the cylindrical-lens array 5 the shape of a column in the x in drawing direction, 

and accumulated the cross-section convex lens in the direction of y towards the optical axis is pointed out, the example 

of drawing consists of five steps of cylindrical lenses, and, thereby, 5 division beam is formed. 

[0055] the line which the division beam to the direction of y from the cylindrical-lens array 5 for division has been 

arranged ahead [ the ], incidence was carried out to the cylindrical-lens array 51 for the imprint of another object, and 

the division beam from the cylindrical-lens array 51 for an imprint was projected on the exposure side 90 with the 

condenser lens 62 (cylindrical lens) which condenses in the x directions, and it was uniform in the direction of y, and 

converged in the x directions thinly - it fabricates with the exposure beam 19 which has a profile. Furthermore, the 

field lens 63 is arranged between the cylindrical-lens array 51 for an imprint, and the condenser lens 62. 

[0056] Although the delay plate 2 is inserted in the division beams 15a-15e divided in the direction of y from the 



http :// www4 . ipdl . inpit . go .j p/cgi-bin/tran_web_cgi_ej j e 



5/1/2007 



JP,2003-287703,A [DETAILED DESCRIPTION] 



Page 8 of 10 



.cylindrical-lens array 5 for division as an optical delay means, the delay plate 2 is inserted in the division beams 15a 5 
15c, and 15d in every other one, and is not inserted in other division beams 15b and 15d. Thereby, mutually, the 
interference on the exposure side 90 between ****** division beams (for example, between the division beams 15a and 
15b or between the division beams 15b and 15c) is pressed down, and can equalize the intensity distribution which 
interference of the piled-up exposure beam depends. 

[0057] Although drawing 15 (A, B) shows the mode of division of the laser beam in the cylindrical-lens array 5 The 
beam divided by each minute cylindrical lens Unlike division by previous waveguide, there is no clinch in the case of 
the superposition in respect of an exposure. It is only superimposed, therefore, as for the intensity distribution after 
composition, a difference does not have the superposition of exposure ****** in interference in the direction of y 
through the cylindrical-lens array 51 for an imprint, and the x direction condenser lens 62 in two adjoining division 
beams, either. It is shown that the intensity distribution of drawing 16 by the superposition on the exposure side of two 
division beams which adjoin mutually when making division width of face d equal to the above-mentioned spatial 
coherence length s are fixed in the direction of y, and the visibility is fixed at 1/e. Although drawing 17 shows the 
intensity distribution when piling up on an exposure side by making division width of face d into d=s about the above- 
mentioned division beam divided into seven, it is the direction of y and shows quite good distribution. 
[0058] Although gestalt 5. drawing 14 of operation is the modification of the laser beam homogeneity exposure optical 
system shown in drawing 13 , it arranges the delay plates 22 and 23 of a pair, respectively in the focal location the 
division beam of the cylindrical-lens array 5 for division, and ahead of the cylindrical-lens array 51 for an imprint of 
the front. In this example, since the delay plate has been divided and arranged before and after the cylindrical-lens array 
51 for an imprint, the field imprinted and the field to imprint can become conjugation relation, and, thereby, there is an 
advantage which can make min effect of the diffraction in respect of an exposure. 

[0059] Although it is the modification of the laser beam homogeneity exposure optical system shown in drawing 13 , 
gestalt 6. drawing 1 8 of operation is prepared so that the microlens 512 of the cylindrical-lens array 51 for an imprint 
about the division beam which inserted the delay plate 2, and the microlens 51 1 of the cylindrical-lens array 51 for an 
imprint about the division beam which is not inserting the delay plate may have a focal distance which is different so 
that the image formation in respect of an exposure may become uniform. Although a gap of the focal location f arises to 
the division beam which is not inserted by inserting the delay plate 2 for optical-path die length in the division beam in 
every other one of the division beam in which the array partitioning was carried out in the direction of y by the 
cylindrical-lens array 5 for division A gap of a focal location can be compensated with the focal distance of each 
microlens of the cylindrical-lens array 51 for an imprint, and, thereby, the intensity distribution of each division beam 
by which image formation is carried out on an exposure side can be made into homogeneity. 
[0060] Although gestalt 7. drawing 19 (A) of operation is the modification of the laser beam homogeneity exposure 
optical system shown in drawing 13 , this example faces [ irradiating the exposure side 90 with the lens for an imprint ] 
the division beam in which it was divided in the direction of y and the delay plate 2 was inserted every other beam, and 
it shifts it in the direction of exposure side top y with the field lens 63, and prevents interference between division 
beams by piling up. 

[0061] Although the intensity distribution of the exposure beam 19 when shifting a division beam and irradiating on the 
exposure side 90 are shown in drawing 19 (B), although intensity distribution decrease stair-like, as for the main parts 
except both ends, the uniform distribution with little interference is acquired at the both ends of the exposure beam 19 
of the direction of y. 
[0062] 

[Effect of the Invention] Since laser beam homogeneity exposure optical system of this invention is made into 1/2 or 
more twice the spatial coherence length of the direction [ in / for the above-mentioned division beam width / in a laser 
beam division means / a laser beam cross section ] of a cross section, it can reduce interference by the division beam in 
an exposure side, and can form the exposure beam of uniform intensity distribution in an exposure side. 
[0063] The equalization means which makes homogeneity beam reinforcement when irradiating the beam divided with 
the laser beam division means on an exposure side is included. Since the above-mentioned equalization means includes 
an optical delay means to delay one side of the contiguity division beam which adjoins mutually [ the beam which the 
above divided ] for a long time rather than the time coherence length of this laser beam to another side [0064] which 
can prevent interference which originates in the time coherence length between the beams which adjoin each other 
mutually when a division beam is irradiated on an exposure side If the waveguide of the direction of a single dimension 
which has the reflector which counters a laser beam division means mutually is used, the interference on the exposure 
side of the beam which this divided is mitigable. 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 5/1/2007 



JP,2003-287703,A [DETAILED DESCRIPTION] 



Page 9 of 10 



.[0065] Moreover, if the cylindrical-lens array for division which divides a laser beam in single dimension is used for a 
laser beam division means, the interference on the exposure side of the beam which this divided is mitigable. 
[0066] It is made into 1/2 or more twice the spatial coherence length of the direction [ in / for the above-mentioned 
division beam width / in a laser beam division means / a laser beam cross section ] of a cross section. And since it is 
made for an equalization means to include an optical delay means to delay one side of the contiguity division beam 
which adjoins mutually [ the beam which the above divided ] for a long time rather than the time coherence length of 
this laser beam to another side Laser beam homogeneity exposure optical system has the advantage which can reduce 
effectively the interference and the time coherence length by spatial coherence length. 

[0067] The ununiformity of the intensity distribution by interference of the exposure beam on the exposure side which 
originates the above-mentioned beam division width of face in spatial coherence length with more than the l/root2 
twice of spatial coherence length, then time coherence length is mitigable. 

[0068] The ununiformity of the intensity distribution by interference of the exposure beam on the exposure side which 
originates the above-mentioned beam division width of face in more than spatial coherence length, then spatial 
coherence length is further mitigable. 

[0069] The above-mentioned laser beam division means can reduce effectively the interference and the time coherence 
length by the spatial coherence length between the division beams by the waveguide, then waveguide of the direction 
of a single dimension which has the reflector which counters mutually. 

[0070] Two or more division beams in which the above-mentioned optical delay means formed the division beam from 
a laser beam division means with the imprint lens including the imprint lens imprinted to an exposure side as a 
superposition exposure means in the field which carried out spatial separation Arrangement of the delay plate arranged 
so that light transmission of either of the contiguity division beams divided into this space target may be carried out, 
then a delay plate becomes easy, and structure is comparatively easy and can form the exposure beam of uniform 
intensity distribution with little interference. 

[0071] If the division beam passed without reflecting between the reflectors of the above-mentioned waveguide is 
intercepted, with the delay plate of a piece, the optical path difference of a necessary division beam can be established, 
and structure is comparatively easy and can form the exposure beam of uniform intensity distribution with little 
interference. 

[0072] Without making the energy of a laser beam lose, if it is made the important point which does not produce the 
division beam passed without the optical axis of the incidence laser beam to waveguide crossing diagonally with the 
medial axis between the reflectors of the above-mentioned waveguide and reflecting between reflectors, the optical 
path difference of all necessary division beams can be established, and structure is comparatively easy and can form the 
exposure beam of uniform intensity distribution with little interference. 

[0073] Waveguide consists of a solid light transmission body, if it is made the important point which does not produce 
the division beam passed without the plane of incidence of the waveguide concerned crossing diagonally with the 
medial axis of waveguide and reflecting between reflectors, optical system can be arranged in the shape of a coaxis to 
an optical axis, the optical path difference of all necessary division beams can be established similarly, and structure is 
comparatively easy and can form the exposure beam of uniform intensity distribution with little interference. 
[0074] Especially a division beam has the advantage to which arrangement of a delay means becomes easy as the 
cylindrical-lens array for division into which the above-mentioned laser beam division means divides a laser beam in 
single dimension, then a collimated beam estranged mutually.' 

[0075] There is an advantage to which arrangement of a delay means becomes easy as the delay plate arranged so that 
light transmission of either of the division beams which adjoin mutually may be carried out in the field in which the 
above-mentioned optical delay means carried out spatial separation of two or more division beams formed by the 
cylindrical-lens array for division, then a collimated beam estranged mutually. 

[0076] [0077] which can perform easily the imprint of a up to [ the exposure side of the division beam which 
established the optical path difference mutually ] if it is made for a superposition exposure means to contain the 
cylindrical-lens array for an imprint which imprints the division beam from the cylindrical-lens array for the above- 
mentioned division to an exposure side If the above-mentioned optical delay means is divided and arranged ahead [ of a 
cylindrical-lens array / the back and ahead ] for this imprint, the field imprinted and the field to imprint can become 
conjugation relation, and, thereby, there is an advantage which can make min effect of the diffraction in respect of an 
exposure. 

[0078] As the minute cylindrical lens which imprints the division beam which passes an optical delay means, and the 
minute cylindrical lens which imprints the division beam which does not pass an optical delay means have a different 
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.focal distance, in an exposure side, all division beams can carry out image formation of the cylindrical-lens array for an 
imprint to Sharp, and can compound it to it. 

[0079] If it is made for a delay plate to consist of transparent glass to a laser beam, there is an advantage which can 
carry out optical system for constituting simple. 

[0080] The exposure beam of homogeneous intensity distribution can be formed for the source of laser on an exposure 
side using the fundamental wave or the higher harmonic wave, then the good laser light source of solid state laser or 
semiconductor laser. Especially higher-harmonic laser has the advantage which can raise heating effectiveness using 
the wavelength light which is easy to absorb in a semi-conductor layer. 

[0081] It is the semi-conductor film of the amorphous substance formed on the substrate, or poly crystal, and the above- 
mentioned optical system can use an exposure side effective in crystallization of the optical system for semi-conductor 
film annealing, then the semi-conductor film. 



[Translation done.] 
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